Th e aim of this study was to analyze (i) ratios between pro-infl ammatory cytokines interleukin  (IL-), interleukin  (IL-), tumour necrosis factor α (TNF-α) and anti-infl ammatory cytokine interleukin  (IL-) in patients with acute myocardial infarction (AMI) and stable angina pectoris (ii) as well as correlation between IL- and IL- in AMI and (iii) correlation between IL- and lipoproteins in AMI. Th e total of  patients were enrolled in this study,  of them with AMI (study group) and  with stable angina pectoris (control group). Th e concentrations of cytokines and lipoproteins were measured from blood samples. Pro-infl ammatory to anti-infl ammatory cytokine ratios were calculated by dividing concentrations of pro-infl ammatory cytokines with IL-. In statistical analyses we used descriptive statistics, normality tests and analysis of correlation. IL-: IL- ratio is signifi cantly higher in AMI than in stable angina (P < ,), TNF-α: IL- is also higher in study group but the diff erence is not signifi cant. We found positive linear correlation between IL- and IL- (r =,; p = ,) and negative linear correlation between IL- and high density lipoprotein HDL (r = -,; p= ,) in AMI. IL-: IL- ratio is higher in AMI than in stable angina. Th ere is linear correlation between IL- and IL- and IL- and HDL in AMI.
Introduction
Acute myocardial infarction (AMI) is myocardial necrosis due to occlusion (prolonged ischemia) of coronary blood vessels. Over the last decade its immunological aspect is in the focus of interest of cardiologists. Coronary plaque disruption, with consequent platelet aggregation and thrombosis, is the most important mechanism by which atherosclerosis leads to the acute coronary syndromes (ACS) of unstable angina, acute myocardial infarction, and sudden cardiac death () . Th ere are broad spectrum of alterations involving the plaque surface, including fi ssuring, erosion, ulceration, and rupture of the plaque surface () . All of those involve disruption of the endothelium and the underlying connective tissue of the plaque capsule. Th ere are certain types of plaques that are prone to disruption. These "vulnerable plaques" are lipid rich atheromatous plaques that have a thin fi brous capsule () . Th ere is substantial evidence implicating an inflammatory process in the pathogenesis of AMI. Local inflammatory cells can generate and release cytokines that have the potential to activate endothelium, transforming its natural anti-adhesive and anticoagulant properties. Furthermore, pro-infl ammatory cytokines may reduce matrix synthesis and increase its degradation, favouring plaque rupture. Finally, cytokines may enhance synthesis of endothelin in endothelial cells and macrophages, resulting in increased smooth muscle cell reactivity to local vasoconstrictors () . Th e evidence supporting the hypothesis that infl ammation is critical in the pathogenesis of acute coronary syndromes comes from a variety of sources. Th e major vascular risk markers high sensitive C-reactive protein (hs-CRP), pro-inflammatory cytokines such as interleukin -ß (IL-ß), interleukin- (IL-), tumour necrosis factor-α (TNF-α), and the anti-infl ammatory cytokine interleukin- (IL-) have been detected in human atherosclerotic plaques () .
The role of anti-inflammatory cytokine IL- is still controversial. The balance between pro-inflammatory and anti-inflammatory cytokines may reflect the intensity of occult plaque inflammation and the vulnerability to rupture () . Pro-in inflammatory to anti-inflammatory cytokine ratios can signal the balance between proinflammatory and anti-inflammatory forces () . Th e aim of study was to determine the concentrations of pro-infl ammatory cytokines IL-, IL-β, TNF-α and hs-CRP, concentration of anti-infl ammatory cytokine IL- and pro-inflammatory to anti-inflammatory cytokine ratios in group of patients with AMI and to compare them with the values obtained in patients with stable angina pectoris. We wanted to explore possible correlation between concentrations of proinflammatory cytokine IL- and anti-inflammatory cytokine IL- and IL- and lipoproteins in AMI.
Materials and Methods
Patients Th e investigation was conducted as a prospective study at Clinic of Internal Medicine in Tuzla. Th e study included  patients with AMI (admitted within h after the chest pain onset) and  patients with stable angina pectoris who were treated in our institution over the period ..-... Myocardial infarction was diagnosed following the criteria: anamnesis of chest pain and/or ECG changes suggestive of infarction or ischemia with an increase in one or more cardiac enzymes levels (measured at the laboratory of our hospital) to at least twice the upper limit of the normal range. Angina pectoris was defi ned as typical chest pain brought on by exertion and relieved by nitro-glycerine or by rest without increase in cardiac enzymes and positive ergo-metric test. Criteria for exclusion were: active infection, systemic diseases (SLE, rheumatoid arthritis, scleroderma etc.), cancer, loss of consciousness, pregnancy and chronic terminal renal failure. Five patients were excluded on the basis of exclusion criteria (three patients had active urinary infection, the fourth patient had rheumatoid arthritis, the fifth one had pneumonia), so  patients with AMI and  patients with stable angina pectoris were analyzed. The study was approved by the local ethics committee, and all patients gave writt e n i n f o r m e d c o n s e n t t o p a r t i c i p a t e .
Laboratory analysis
The blood for the analysis was drawn from patients following their admission to Intensive Care Unit. Th e blood was frozen at -oC, centrifuged and aliquated at the Department of Immunology and Microbiology in Tuzla. Th e concentrations of IL-β, IL-, TNF-α, hs-CRP-a and IL- were analyzed using quantitative sandwich enzyme immunoassay (ELISA). Cytokine concentrations (IL-ß, IL-, TNF and IL-) were measured from serum manually using high sensitive quantitative sandwich enzyme immunoassay (R&D Systems Inc., Minneapolis, Minnesota) Minimal detectible concentrations of human pro-inflammatory and antiinfl ammatory cytokines were as follows: IL-ß  pg/ml, IL- , pg/ml, TNF-α , pg/ml and IL- , pg/ml. The intra-assay and inter-assay precision of all the cytokine assays in the study was < . Serum hs-CRP concentrations were measured at the same department using quantitative nephelometric assay (Dade-Beringh II, Max Inc., Germany) with normal values ranging from , to , mg/l. Haemogram, enzymes of myocardial necrosis (troponin I, creatine kinase, creatine kinase myocardial fraction), electrolytes concentrations, glucose, urea, creatinine, uric acid, lipid profile and other biochemical parameters were carried out by the analytical unit of the Biochemistry Department of our institution using standard methods.
Statistical analysis SPSS V. software (SPSS Inc, Chicago, Illinois, USA), Arcus Quick Stat and Microsoft Excel XP Professional were used for statistical analysis of the results. Variables with asymmetric distribution were summarized as medians and interquartile ranges. Normality tests were used for all variables. In the comparison between patients with AMI and stable angina pectoris, continuous variables with normal distribution were analysed with two-tailed t test while unequally distributed variables were analysed using Mann-Whitney U test. Categorical data and proportions were analysed with χ  or Fisher's exact test where appropriate. The ratios of pro-inflammatory cytokine concentrations to anti-inflammatory cytokine IL- concentrations were calculated by dividing pro-inflammatory cytokine concentrations by IL- concentrations and the ratios were compared between the two groups. Regression and correlation analysis were performed, too. Significance threshold was set at two-sided P<,.
Results
As we pointed out,  patients were excluded because of exclusion criteria, so the study included  patients with AMI and  patients with stable angina pectoris. Mean age in the study group was , ±, comparing to , ± , in the control group, so the difference between the groups was not statistically significant. Considering sex distribution, there were  (,) female patients in the study group and / (,) females in the control group. λ  test has not shown statistically significant difference in sex ratios between these two groups (P> ,). In study group mean value of total cholesterol was ,  mmol/l, low density lipoprotein (LDL) , mmol/l and high density lipoprotein (HDL)= , mmol/l. Only  of patients with AMI,  (/) were on prior statin therapy. We found statistically signifi cant diff erences in IL- and hs-CRP levels between study and control groups with (P< , ) in both cases. TNF-α and IL- levels were elevated in the study group but the diff erence was not statistically significant. Table  summarize mean values, standard deviations and P values in both groups.
Study group -patients with acute myocardial infarction; control group -patients with stable angina pectoris; SD -standard deviation.
Minimal detectible concentration of IL-β in this study was  pg/ml. Only  patients in each group had detectible concentrations of IL-β, so these values were not statistically treated. The ratios of pro-inflammatory cytokine concentrations to anti-inflammatory cytokine IL- concentrations were calculated by dividing pro-inflammatory cytokine concentrations by IL- concentrations. Using Mann-Whitney U test we found statistically signifi cant diff erence between IL-: IL- values in study and control groups (P<, ). IL-: IL- ratio was not calculated for the same reason as IL-. Th e values were not compared between the study and control group. Although mean TNF-α:IL- ratio was higher in patients with AMI than in patients with stable angina pectoris the difference between the groups was not statistically signifi cant (Mann-Whitney U test). Table   . shows medians and interquartile ranges of proinflammatory to anti-inflammatory cytokine ratios in the study and the control group, as well as P value.
Study group -patients with acute myocardial infarction; control group -patients with stable angina pectoris; IQR -interquartile range. 
Discussion
Coronary atherosclerotic plaque disruption with consequent thrombosis is the major cause of ACS (, ,) . Infl ammatory mediators, which potentially have a major role in this process, are the "molecular soldiers" of the oxidative modifiers of lipoproteins in vulnerable plaque that have been described as "molecular Trojan horses" (,) . Previous studies reported increased pro-inflammatory cytokine concentrations and decreased anti-infl ammatory cytokine concentrations in patients with ACS (, ) . However, the role of antiinfl ammatory cytokines remains unclear and this was in the focus of interest of our investigation. Th e level of IL- is higher in patients with AMI than in patients with stable angina pectoris, and the diff erence between these two groups in our study is statistically signifi cant (P< ,). Few other authors proved the same in their investigations (, ) . Th e level of TNF-α is higher in patients with AMI than in patients with stable angina pectoris, but the diff erence between these two groups in our study is not statistically signifi cant (P> .). Other studies reported various TNF-α levels. Some authors found elevated TNF-α in patient with ACS (, ) . However, it has been postulated that the short plasma half life (- min after intravenous injection) of TNF-α may limit its potential clinical utility as a screening tool (, , , and ) . The delay between obtaining and studying the samples may have been too long for prognostic usefulness as mentioned in the other TNF-α studies and this may be logical explanation for diff erent reported TNF-α levels (, , and ) . Kilic et al. () have reported elevated plasma level of IL-β and in that study minimal detectible concentration of IL-β was , pg/ml. Mean value of IL- β in patients with acute coronary syndrome without ST elevation (NSTACS) in their study was , pg/ml. As we have pointed out minimal detectible concentration of IL- β in our study was  pg/ml and this might be a reason for such result. Concentration of hs-CRP is elevated in fi rst  hours of AMI (, -) . We found elevated level of hs-CRP in group of patients with AMI. The difference between the levels of hs-CRP in the study and the control group was statistically significant (P< ,).
Few studies reported increased IL- in ACS (,) . On the other hand, there are few investigations that found decreased level of IL- in AMI (,,) . In these studies low level of IL- in AMI is poor prognostic sign. According to the authors, IL- is induced in the reperfused myocardium and may modulate the reaction to injury by down-regulating concentrations of pro-infl ammatory cytokines TNF-α and IL-. In ischemic and reperfused myocardium induction of IL- inhibits mRNA for IL-, but in ischemic myocardium without reperfusion expression of IL- is prolonged () . In other words, increased levels of IL- suggest good reperfusion, while low of IL- level means ischemic but not reperfused myocardium and is accompanied with increased level of IL-. We have to mention study by Yip et al. () who found that high serum IL- level, together with low left ventricular ejection fraction (LVEF), high WBC and unsuccessful reperfusion was suprisely a good prognostic marker independently predictive of increased -day mortality.
Similar observations were made by Mälarstig et al. () who concluded that elevated IL- was an indicator of poor outcome and enhanced systemic inflammation in patients with acute coronary syndrome. As we mentioned earlier, concentration of IL- in our study was increased in the group of patients with AMI but the diff erence was not statistically signifi cant. Further studies have to be done to clear the role of IL- level in the prognosis of patients with acute myocardial infarction.
In recent years, a new concept emerged of an imbalance between pro-infl ammatory and anti-infl ammatory factors, in favour of the pro-infl ammatory factors, that results in rupture of atherosclerotic plaque (, ) . We found statistically significant difference only in IL-: IL- ratio (P<,). Speaking precisely, this ratio was higher in AMI than in stable angina pectoris in our study. According to several authors, IL-:IL- ratio is the most powerful predictor of the development of new coronary event during both the fi rst six months and the one-year follow-up period () . For the statistical reasons we could not calculate IL-: IL- ratio, so we could not consider its importance in acute coronary syndrome.
As we have mentioned earlier, the role of anti-infl ammatory cytokines remained unclear despite recent studies and we made it the focus of interest of our investigation. Furthermore, the prognostic value of interleukin IL- in patients with acute AMI is also currently unclear. We especially wanted to find out if there was linear correlation between IL- and IL-. Tziakas et al. () () in their study found that highdensity lipoproteins attenuate interleukin- production in endothelial cells exposed to pro-infl ammatory stimuli and according to them HDL regulates IL- concentration via inhibition of mRNA transcription for IL- (inhibition of p MAP kinas). By inhibiting IL- production and lowering plasma IL- concentration, HDL may limit pro-atherogenic effects in both acute and chronic infl ammatory conditions, of which IL- is a key orchestrator () . Protective role of HDL in AMI is well known in literature, but molecular mechanisms are not explained either. Th is and similar investigations reiterate the protective role of HDL in AMI.
Conclusion
Concentration of pro-infl ammatory cytokines (IL-, TNF-α and hs-CRP) and anti-infl ammatory cytokine IL- were elevated in AMI patients in comparison with the group with stable angina pectoris, but statistically signifi cant diff erence was found in IL- and hs-CRP level. IL-: IL- ratio is higher in AMI which emphasis the hypothesis of pro-infl ammatory to anti-infl ammatory cytokine misbalance in AMI. IL- may be useful as a marker of myocardial reperfusion in AMI. Th ere is positive linear correlation between IL- and IL- in acute myocardial infarction and negative linear correlation between HDL and IL- and these data emphasise protective role of HDL in AMI.
Limitations of the study Our study was not a multicentre study and the number of patients in the study was low. As we mentioned above, minimal detectible concentration of IL-β was high ( pg/ml).
